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[57] ABSTRACT 
A storage tank level monitoring apparatus and method 
for determining ?uid levels in a storage tank. The appa 
ratus of the present invention includes a magnet coated 
with rubber for holding a pivotally mounted housing to 
the interior of the storage tank and an ultrasonic trans 
ducer contained within the housing for generating 
acoustic pulses and for receiving re?ections of the 
acoustic pulses for producing an analog signal propor 
tional to the re?ections, a string carrying a number of 
reference disks vertically oriented below the housing 
for producing a series of re?ected acoustic signals from 
each reference disk, and a processor connected to the 
ultrasonic transducer for activating the transducer and 
for analyzing the re?ected pulses for calibrating the 
apparatus for environmental changes in the atmosphere 
above the stored ?uid and for determining the level of 
the stored ?uid in the tank. The method of the present 
invention includes the steps of receiving re?ected pulses 
from each reference disk only during certain window 
time intervals and to calibrate the system by adjusting 
for environmental conditions between the transducer 
and the ?uid level. 

10 Claims, 28 Drawing Figures 
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STORAGE TANK LEVEL MONITORING 
APPARATUS AND METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

1. Related Application 
The present application is related to Oil Field Lease 

Management and Security System and Method There 
for, ?led Mar. 7, 1983, Ser. No. 472,651, by John Carlin, 
William Mesch, William Mobeck, Randall Thompson, 
Jules Henthom and Benjamin Lopez. 

2. Field of the Invention 
The present invention relates to a centralized system 

and method for monitoring and controlling oil ?eld 
lease equipment and product and for securing said 
equipment and product against damage and theft, and, 
in particular, to a system and method for monitoring oil 
?eld lease equipment parameters such as storage tank 
levels and pumper and heater treater operation, for 
controlling the oil lease equipment such as diverting 
production when a storage tank is full, and for signaling 
an alarm when the theft of crude oil from a tank occurs. 

3. Description of the Prior Art 
For years equipment at oil ?eld leases such as storage 

tanks, heater treaters, and horse-head pumpers have 
been monitored and maintained by personnel periodi 
cally visiting the lease. Depending on the production 
and size of the lease, such visits may be daily or less 
often. Rarely, however, are personnel stationed full 
time at the lease. Such personnel “manage” the lease by 
manually ?lling out various reports showing such pa 
rameters as oil levels in storage tanks, crude oil pur 
chases from the lease, production from the wells and the 
like. These reports, which typically are ?lled out by 
different persons, are eventually delivered to a central 
location for processing. Such infrequent monitoring of 
the lease leads to theft of equipment, theft of crude oil, 
and to loss of equipment through destruction such as by 
?re or equipment malfunction. 
The problem of crude oil theft is of special concern 

since for years, such theft of crude on oil leases in the 
United States and worldwide was generally an uncon 
trollable situation in the oil and gas industry. This was 
due, in part, to the remoteness of the oil leases and, in 
part, due to the undue cost in providing personnel to 
supervise and monitor such isolated equipment and 
storage tanks on a full time basis. The theft of crude oil 
typically occurred in ?leds not utilizing pipe line con 
nections and which required the crude to be hauled out 
in tanker trucks. Hence, crude could be stolen by_any 
person having access to a storage tank including truck 
drivers, producers, oil reclaimers, pumpers or other oil 
?eld employees. The techniques used by such thieves 
are numerous and varied. For example, in a typical oil 
?eld operation, a person called a gauger measures the 
amount of crude in a storage tank on a regular basis. If 
the gauger “misreads” the measurement and, for exam 
ple, is off by three inches in a ?ve hundred barrel tank, 
approximately eight barrels of crude are unaccounted 
for. The Denver Post, Volume 89, No. 228, Mar. 16, 
i981, Page 1. In other cases, monthly production re 
ports are doctored “to show a well was out of produc 
tion for several days due to a mechanical malfunction 
while, in reality, the well continued to produce oil.” Id. 
Also, valves on large tanks can be opened to allow 
crude to drain into a nearby pit and, subsequently, a 
vacuum truck pulls along side the pit and removes the 
crude. The aforesaid Denver Post article documents 

5 

40 

45 

65 

2 
numerous other ways in which crude can be illegally 
taken from an oil lease through manipulation of the 
equipment or through improper record keeping pertain 
ing to the oil lease. 

Within the last ten years, and with the occurrence of 
a recent and severe oil and gas shortage, this critical 
theft problem became acute and the amount of stolen 
crude became considerable. It has been estimated that 
over $650 million dollars a year is lost alone by the 
Federal Government in public oil royalties to theft and 
accounting irregularities. Washington Crime News Ser 
vices, Security Systems Digest, Feb. 10, 1982, Volume 13, 
No. 3, Page 8. The Federal royalty losses represent only 
the tip of the iceberg and estimates on the annual vol 
ume of crude oil stolen from oil ?eld leases range from 
$2 billion to $6 billion dollars. Congressional Record, 
Dec. 14, 1982, E5115 and World Oil, March 1982, Page 
5. 

Traditional approaches to inhibiting crude oil thieves 
have been to lock and seal pipe line and tank connec 
tions, to hire armed security guards to regularly patrol 
the leases, and to vigorously prosecute all apprehended 
persons. In Texas, oil and gas producers have formed 
organizations such as the Texas Petroleum Industry 
Security Council, Inc., representing more than 10,000 
independents, to develop group theft insurance plans as 
a measure to cope with the problem. 

In a more recent approach to solving oil ?eld thefts, 
tiny microdots are utilized to ?ngerprint oil in a particu 
lar storage tank. These microdots are typically the size 
of the capital “0” on a typewriter and include the name 
of the oil company, its lease number, its legal descrip 
tion, and other identifying information. Approximately 
400 microdots are added to a tank of oil. In the event of 
theft, the proper legal authorities can obtain a sample of 
the oil and ascertain whether or not the oil contains 
microdots thereby ascertaining the true owner of the 
crude. The Bakersfield, California, Wednesday, May 12, 
1982. 
Problems comparable to the above described situa 

tion concerning crude oil theft also occur with theft of 
equipment, doctoring of records by personnel, malfunc 
tioning of equipment, or losses due to disaster such as 
?re caused by lightening strikes and the like. No cen 
tralized, stand alone system or method for continuously 
monitoring and controlling the various parameters of 
oil lease equipment, for reporting such parameters, or 
for sounding an alarm when theft occurs, exists espe 
cially one adapted for the harsh environments of oil 
leases. 

Recognizing the numerous problems associated with 
equipment in such remote oil leases, the inventors have 
developed an automated stand alone system and method 
for continuously monitoring and controlling oil lease 
equipment parameters such as crude oil production and 
purchase. For example, the present invention continu 
ously measures the level of crude in the storage tanks 
and records production and purchase events in suitable 
printed tickets for use by applicable personnel and in 
long term computer memory for subsequent evaluation 
at a remote location. All such parameters are monitored 
by suitable transducers and processed by the system to 
eliminate human error in reading and recording. Fur 
thermore, the system of the present invention is user 
friendly in that a human interface is provided between 
the system and the operator which requires a minimum 
amount of training. Furthermore, the system of the 
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present invention is secure in that only authorized per 
sonnel can perform tasks with the oil lease equipment. 
Finally, the system of the present invention is protected 
from the harsh environmental conditions typically 
found in oil leases. 

In the event of crude oil theft, the system of the pres 
ent invention will detect unauthorized drops in the level 
of crude by means of an ultrasonic detector and signal 
an alarm so that proper enforcement can occur. With 
respect to the function of measuring oil levels in storage 
tanks with ultrasonic transducers, the inventors have 
conducted a patentability search, on their invention, the 
results of which follows: 

INVENTOR U.S. Pat. No. Date Issued 

1. D. Baird 3,553,636 Jan. 5, 1971 
Austin et a1 4,170,765 Oct. 9, 1979 
Joseph Baumoel 4,203,324 May 20, 1980 
Massa 4,210,969 July 1, 1980 
Hirsch et al 4,212,201 July 15, 1980 
Combs et al 4,221,004 Sept. 2, 1980 
Rosie et al 4,229,798 Oct. 21, 1980 
Dennis et al 4,248,087 Feb. 3, 1981 
Keidel et a1 4,264.788 April 28, 1981 
Howard et a1 4,325,255 April 20, 1982 

In the 1981 patent to Dennis et al. (U.S. Pat. No. 
4,248,087), an ultrasonic transmitting transducer and an 
ultrasonic receiving transducer are coupled to the exter 
nal walls of the tank in which the ?uid resides and 
whose level is to be monitored. The transducers are 
magnetically coupled to the side walls of the tank and 
are oriented so that the direction of propagation of the 
ultrasonic energy is normal to the ?uid’s surface. A 
microprocessor is utilized to calculate the change in 
?uid level in the tank and this information is then dis 
played. Dennis contemplated that a general purpose 
computer could be substituted for the microprocessor 
and readings from a number of tanks could be made and 
displayed. The section in Dennis entitled “Description 
of the Prior Art” provides a general discussion of 
known acoustic or ultrasonic measurement techniques 
for determining ?uid levels in tanks. Three types'of 
prior art approaches are discussed by Dennis. The ?rst 
type relates to a single ultrasonic transducer located at 
the top of the tank (or at the bottom of the tank) which 
emits an energy pulse normal to the surface of the ?uid 
to detect the ?uid air interface. A second type of mea 
surement is provided by a transmitter located near the 
bottom of the tank with multiple acoustical receivers 
mounted on the sides of the tank. A third type of system 
utilizes a number of echo pulses transmitted down one 
side of a tank in a vertical line. 
The 1980 patent issued to Rosie et al. (U.S. Pat. No. 

4,229,798), teaches the use of an elongated tube placed 
at, or close to, the bottom of the tank wherein a trans 
ducer is oriented so that the ultrasonic energy wave is 
propagated vertically upwards inside the tube to the 
surface of the liquid stored in the tank. Rosie ascertains 
the temperature of the stored liquid in order to calculate 
any variations to the propagated ultrasonic energy pulse 
due to environmental conditions and, based upon a 
mathematical relationship, ascertains the true position 
of the ?uid level in the tank. A microprocessor is then 
utilized to receive the temperature measurements, the 
ultrasonic measurements, and to visually display the 
results. The Rosie con?guration can be utilized to issue 
a warning alarm when a predetermined level in the tank 
is reached by ?lling the tank with oil. It is contemplated 
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4 
in Rosie that for large cylindrical bulk storage tanks, the 
transducer sensor unit can be mounted on the side ofthe 
tank adjacent its lower end to avoid the use of a tube 
and, therefore, a pivoting connection must be utilized to 
allow the transducer to be vertically aligned. 
The 1980 patent issued to Combs et al. (U.S. Pat. No. 

4,221,004) relates to an adjustable ultrasonic level mea 
surement device for use in measuring the depth of ?ow 
ing liquid in a channel using an ultrasonic transducer 
located above the channel. Temperature of the ambient 
air above the channel is measured and variations in the 
temperature are utilized to adjust the circuitry of 
Combs to provide for accurate ultrasonic level read 
ings. 
The 1980 patent issued to Massa (U.S. Pat. No. 

4,210,969) also utilizes a microprocessor system having 
an ultrasonic transducer located at the top of the tank 
and normal to the level of the ?uid for ascertaining the 
actual level of the ?uid. In Massa, a ?xed target located 
at a known distance from the ultrasonic transducer is 
utilized to take care of velocity variations caused by the 
presence of chemical vapors or changes in temperature. 
The Massa approach calibrates each reading by measur 
ing the velocity time between the transducer and the 
reference target prior to the taking of a measurement. 
The remaining patents developed in the patentability 

search set forth a variety of other techniques and ap 
proaches utilizing ultrasonic transducers and other 
techniques to measure the level of ?uid in a tank or 
other apparatus. However, none of the above prior art 
approaches nor any of the conventional approaches 
currently used in the oil and gas industry to prevent or 
hinder theft of crude from oil storage tanks contem 
plates the present invention. The present invention not 
only includes the measurement of ?uid levels in oil 
storage tanks but provides for an overall oil ?eld man 
agement system that monitors tank levels and the per 
formance of other equipment parameters. Further, it 
includes the generation of appropriate records and re 
ports for the operation of the oil lease and the mainte 
nance of a history ?le on each piece of equipment. The 
present invention also permits authorized transfers of 
crude from oil storage tanks into tankers, records and 
monitors production into the tank and shuts off a tank 
when full, and alerts either locally or at a remote loca 
tion a suitable alarm when unauthorized transfers of 
crude takes place. Furthermore, the modular nature of 
the system of the present invention permits other moni 
toring and supervision of oil ?eld equipment in addition 
to measuring levels in storage tanks. For example, when 
the ?ame on the heater treater goes out, for whatever 
reason, the event will be recorded and the gas to the line 
will be shut off. Or, when the sucker rod breaks on the 
horse head pumper, the event will be sensed, recorded, 
an alarm issued, and the pump turned off before it 
causes additional damage. The present invention is fur 
ther capable of communicating with a centralized loca 
tion such as the headquarters of an oil and gas company 
so that an operator remote from the oil lease can di 
rectly access the system. 

SUMMARY OF THE INVENTION 

The method and apparatus of the present invention 
uses a housing pivotally mounted to an interior wall of 
the storage tank holding an ultrasonic transducer which 
generates acoustic pulses and which receives re?ections 
of the acoustic pulses and generates an analog signal 
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proportional thereto. The ultrasonic transducer is 
aligned with respect to the storage tank to produce the 
acoustic pulses in any direction normal to the level of 
the ?uid. An electronic control package located in a 
housing on the exterior of the storage tank selectively 
activates the transducer to generate the acoustic pulses 
and is receptive of the anaolg signals from the trans 
ducer proportional to the received re?ected acoustic 
pulse signals. 
Under the method of the present invention, a ?rst 

acoustic pulse is generated by the transducer and a 
series of re?ections from a plurality of reference disks 
depending below the transducer are received by the 
transducer to generate a corresponding series of analog 
pulses corresponding to the re?ections. The control, 
based upon the travel times of the acoustic pulse from 
each reference disk back into the transducer as a re?ec 
tion is carefully measured and is used to calibrate the 
system based upon the atmospheric conditions existing 
between the transducer and the level of the ?uid. The 
controller then activates the transducer to produce a 
second pulse which is then re?ected from the level of 
the fluid and the level of the ?uid is ascertained taking 
into account the calibration for the environmental con 
ditions. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 sets forth, in perspective illustration, an oil 
lease containing oil ?eld equipment including oil stor 
age tanks incorporating the system of the present inven 
tion. 
FIG. 2 sets forth, in block diagram format, the remote 

communications aspects of the system of the present 
invention illustrating a communication link with the 
regional base computer system (RBCS) over conven 
tional phone lines and the base monitoring station 
(BMS), 
FIG. 3 is a side cross-sectional illustration of a con 

ventional storage tank incorporating the level trans 
ducer, the temperature transducer, and the ?ow trans 
ducers of the present invention, 

. FIG. 4 sets forth the state table for the operation of 
the monitoring system (MS) servicing a local sensing 
unit (LSU) of the present invention, 
FIG. 5 is an illustration of the present invention per 

forming other oil lease tasks such as sensing the opera 
tional parameters of a gas powered horse head pumper 
and a heater treater, 
FIG. 6 sets forth the side view of the ultrasonic level 

detecting transducer of the present invention mounted 
to the underside of the roof of a storage tank, 
FIG. 7 sets forth, in an exploded side planar view, the 

various components of the transducer illustrated in 
FIG. 6, 
FIG. 8 is a top planar view of the swivel mounting 

cap of the present invention, 
FIG. 9 is a side planar view of the swivel mounting 

cap illustrated in FIG. 8, 
FIG. 10 is a top planar view of the swivel mounting 

base of the present invention, 
FIG. 11 is a side planar view of the swivel mounting 

base of FIG. 10, 
FIG. 12 is a top planar view of the upper portion of 

the transducer carrier of the present invention, 
FIG. 13 is a block diagram representation of the vari 

ous electronic components found in the local sensing 
unit of the present invention, 
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6 
FIG. 14 is a detailed block diagram representation of 

the electronic local sensing unit central board module of 
the present invention, 
FIG. 15 is a detailed block diagram representation of 

the electronic ranging module of the present invention, 
FIG. 16 is a detailed block diagram representation of 

the electronic quad temperature module of the present 
invention interconnected with four temperature trans 
ducers, 

FIG. 17 is a perspective illustration of the monitoring 
system (MS) of the present invention, 
FIG. 18 illustrates the removal of the electronic car 

riage of the present invention from the monitoring sys 
tem of FIG. 17, 
FIG. 19 sets forth the top planar view of the elec 

tronic carriage of the present invention, 
FIG. 20 sets forth, in side planar view, the electronics 

carriage of FIG. 19 with the two covers removed there 
from, 
FIG. 21 sets forth the details of the communication 

access panel of the present invention as found in the 
monitoring system, 
FIG. 22 sets forth the electronic block diagram com 

ponents ofthe interface control found at the monitoring 
system of the present invention, 
FIG. 23 sets forth the functional responsibilities of the 

user interface control circuit of the present invention, 
FIG. 24 sets forth the ?ow chart for the operation of 

the local sensing unit interface control circuit of the 
present invention, 
FIG. 25 is an illustration of the calibration of the 

ranging module shown in FIG. 15, 
FIG. 26 is a graph setting forth the tank levels in an 

individual storage tank over a multi-day period, 
FIG. 27 is a block diagram of an alternate embodi 

ment of the local sensing units of the present invention, 
and 

FIG. 28 is a detailed electronic block diagram of the 
local sensing unit control board of FIG. 27. 

GENERAL DESCRIPTION 

In FIGS. 1 and 2, the general components of the 
present invention are set forth for a typical remote oil 
lease con?guration which includes a number of storage 
tanks 10, a number of horse head pumpers 20 and other 
miscellaneous production equipment such as, for exam 
ple, a heater treater 30. The pumpers 20 deliver under 
ground crude via lines 12 into tanks 10 for storage. An 
atmospheric vent line 14 is provided on the tanks to 
prevent pressure buildup. On a periodical basis, a truck 
40 is used to transfer (i.e., purchase) crude oil from the 
storage tanks 10. 

In FIG. 1, the system 100 of the present invention 
includes a monitoring system 50 powered by a solar 
generator 60, or other conventional power source, over 
cable 70, a number of local sensing units (LSU) 80 inter 
connected with storage tanks 10 and the other pieces of 
production equipment such as the horse head pumpers 
20 and the heater treater 30. The local sensing units 80 
interconnect with the monitoring system (MS) 50 by 
means of an underground cable 90. In operation, the 
local sensing units 80 detect various parameters of the 
equipment such as, for example, the rising levels of 
crude in tanks 10 due to delivery from the pumpers 20 
over lines 12, the dropping levels of crude due to the 
purchase of crude by the tankers 40 over lines 16, the 
fuel levels in the fuel tanks for the pumpers 20 or the 
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operation of the heater treater 30 such as determining 
whether the heater ?ame is on or not. 
For the overall security of the oil lease and to prevent 

theft, the system 100 of the present invention authorizes 
the purchase of crude oil. The authorized driver of 
truck 40 accesses the system 100 at the monitoring sys 
tem 50 with an appropriate access code and password. 
Once recognition is granted by the system, the driver 
can hook onto the authorized tank and make the trans 
fer. The monitoring system gives the driver, after the 
transfer of crude into the tanker, a run ticket con?rming 
the number of barrels taken, the time of pickup and all 
other relevant information. The transfer information is 
stored in the system as a historical record and delivered 
to a central system for processing. Any unauthorized 
transfer of crude will be immediately detected by the 
system and an alarm such as a siren 62 and a strobe light 
64 mounted on pole 66 will be activated. Siren 62 and 
light 64 are also interconnected with the monitoring 
system over buried cable 68. Even if the transfer is 
authorized and the truck driver hooks onto the wrong 
storage tank, the alarms 62 and 64 will sound which 
would immediately cause the driver to re-access the 
system and to hook onto the correct tank. 

In another mode of operation, the system functions to 
control the level of oil in the tank. When the tank 10 
becomes full, this event is sensed and valves 17 become 
activated to prevent delivery of production oil over line 
12 from the horse head pumpers into the tank. 

In FIG. 2, a number of monitoring systems (MS) 50 of 
the present invention together termed “on site security 
and reporting systems” (OSSARS) conventionally 
communicate with a base monitoring station (BMS) 
110. For example, and as shown in FIG. 2, the monitor 
ing system 50 can communicate by means of a conven 
tional radio link 120 with the remote base monitoring 
station 110 by radio waves 130 or by means of a tele 
phone connection over telephone lines or another con 
ventional means 140. Likewise, each of the base moni 
toring stations 110 communicates over conventional 
telephone lines 140 with a regional base computer sys 
tem (RBCS) 150. The BMS 110 and the RBCS 150 
collectively form the remote communications located 
some distance away from the OSSARS. The regional 
base computer system 150 of the present invention is 
designed to communicate with between one and ?ve 
hundred monitoring systems at their respective remote 
locations. An operator at the regional base computer 
system 150 has the capability with computer 160, as will 
be further discussed, of remotely programming each 
monitoring system 50 and of communicating directly 
with each of the local sensing units 80 in order to re 
ceive operator and tank information concerning a par 
ticular storage tank 10 or other piece of production 
equipment 20 and 30. Each BMS 110 and RBCS 150 
contain general purpose computers and appropriate 
data receiving and transmitting equipment which are 
conventionally available and whose function and design 
are well known. 

In operation, the regional base computer system 150 
is preferably located in the headquarters of an oil com 
pany, each base monitoring system 110 can be located in‘ 
an oil ?eld area covering several square miles, and the 
individual monitoring systems 50 would be responsive 
for its storage tanks in each of the several oil leases 
within the ?eld. 

In the event of an unauthorized taking of crude from 
a storage tank 10, the local sensing unit 80 for that tank 
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8 
detects a dropping in the level of crude and an alarm 
signal is generated which is sensed by the regional base 
computer 150 to activate an alarm 162 and by the base 
monitoring system 110 to activate alarm 122. In the 
implementation of the present invention, the operator 
can specify whether or not all alarms 62, 64, 122, and 
162 should be used. For example the operator may 
desire not to use an alarm at the oil lease and rely only 
on alarms located at the base monitoring system 110 and 
the regional base computer system 150. Alarms 122 and 
162 can be conventional alarms such as buzzers, lights, 
or beepers. Once the alarm signal is issued under the 
teachings of the present invention, it is to be understood 
that conventional processing techniques in BMS 120 
and RBCS 150 can be used to detect the signal and 
sound the alarms. For example, a conventionally avail 
able beeper on a patrolling security guard can be called 
by CPU 160 or BMS 120 to be immediately dispatched 
to the oil lease originating the alarm condition. In nor 
mal operation, however, the purchase of crude and the 
production of crude at an oil lease can be ccx'tv'eniently 
monitored from the regional base computer 160. 

In a typical oil ?eld storage tank as shown in FIG. 3, 
the storage tank 10 includes an inlet 300 on delivery 
pipe 12 through which incoming crude oil is delivered 
over pipe 12 into storage tank 10. Tank 10 also includes 
an outlet pipe 310 for removal of crude from the storage 
tank over line 16. Since water is often intermixed with 
crude coming from the ground, the water 320, being 
immiscible with oil, typically forms a separate and 
lower layer 320 from the oil 330 and is removed 
through a water outlet pipe 340’. The level of oil 340 
within the storage tank 10 varies in time, based upon 
delivery of incoming crude oil through inlet 300 from 
pumper 20 and transfer of crude through outlet 310 by 
the tanker truck 40. 
Under the teachings of the present invention, the 

local sensing unit 80 is af?xed to the roof 350 of storage 
tank 10 and communicates with an ultrasonic level de 
tector 360 over cable 362 and with four temperature 
sensors 370 over cable 371. The ultrasonic detector, as 
will be discussed, is calibrated by means of a series of 
re?ectors 372 located on string 374, such as a nylon 
string, and held in position by weight 366. The local 
sensing unit 80 also communicates with two ?ow indi 
cators 380, 381 over cable 382 and with the shut off 
valve 17 over cable 383. Cables 90, 382 and 383 are 
conventionally attached to the sides of the storage tanks 
10 by means of a number of standoffs 384 or other hold 
ers. In this arrangement, the local sensing unit 80 is 
capable of determining the temperature of the crude 
within the storage tank 10, the level 340 of the crude oil 
330 within the tank by means of ultrasonic waves 394 
and re?ections 396 therefrom, whether crude is flowing 
from outlet 310 by means of ?ow indicator 380, whether 
water is ?owing by means of a second ?ow indicator 
381 and whether crude is ?owing into the tank through 
inlet 300 by sensing the rising level 340. It is important 
to note that the transfer of crude can be detected by 
sensing the drop in the level of crude without the neces 
sity of using ?ow indicators and, therefore, their use is 
optional and serves as a double check to verify, for 
example, the existence of leaks in the system. Finally, 
when the tank is full (i.e., reaches a predetermined 
level), shut off valve 17 is activated to prevent further 
?lling. 

In FIG. 4, the state table diagram showing the opera‘ 
tion of the monitoring system 50 servicing the sensing 


























